Background Job stress and cumulative exposure to traumatic events experienced by critical care nurses can lead to psychological distress and the development of burnout syndrome and posttraumatic stress disorder. Resilience can mitigate symptoms associated with these conditions. Objective To identify factors that affect resilience and to determine if the factors have direct or indirect effects on resilience in development of posttraumatic stress disorder. Methods Data from 744 respondents to a survey mailed to 3500 critical care nurses who were members of the American Association of Critical-Care Nurses were analyzed. Mplus was used to analyze a mediation model. Results Nurses who worked in any type of intensive care unit other than the medical unit and had high scores for resilience were 18% to 50% less likely to experience posttraumatic stress disorder than were nurses with low scores. Nurses with a graduate degree in nursing were 18% more likely to experience posttraumatic stress disorder than were nurses with a bachelor's degree. Conclusion Because of their effects on resilience, working in a medical intensive care unit and having a graduate degree may influence the development of posttraumatic stress disorder. Future research is needed to better understand the impact of resilience on health care organizations, development of preventive therapies and treatment of posttraumatic stress disorder for critical care nurses, and the most appropriate mechanism to disseminate and implement strategies to address posttraumatic stress disorder.
T he US health care system is experiencing a critical shortage of nurses. 1 Among the many reasons for the shortage, an important component is the accelerated departure of nurses from their profession. Across the United States, turnover rates of nurses range from 13% to 20%. 1, 2 The growing national shortage is a particular concern in the intensive care unit (ICU). Turnover of nurses diminishes nurses' productivity, staff morale, and quality of care. Turnover also can result in increases in medication errors, patient falls, and other measures of patient morbidity. [3] [4] [5] Retention of experienced ICU nurses is important because turnover of nurses is costly, affects patient care, and increases job stress while decreasing work satisfaction and group cohesion. Job stress and the cumulative exposure to traumatic events experienced in the work environment can lead to psychological distress and the development of disorders such as burnout syndrome and posttraumatic stress disorder (PTSD). [6] [7] [8] ICU nurses are repeatedly exposed to work-related stresses, including end-of-life issues, prolongation of life via artificial support measures, provision of postmortem care, and participation in procedures that are painful for patients. 6 ICU nurses often experience psychological disorders such as PTSD, anxiety, depression and burnout syndrome, [6] [7] [8] secondary traumatic stress, 9, 10 and compassion fatigue 11, 12 as a result of the work environment. However, some nurses have developed adaptive mechanisms or resilient characteristics that allow them to remain in the difficult work environment for many years.
Resilience is a concept that refers to an individual's ability to bounce back or positively respond to adversity. 13, 14 Resilience is also understood to be a psychological mechanism that can thwart PTSD and is recognized as one of the most important factors for a healthy adjustment after trauma. 15, 16 Although some personality traits promote resilience, resilience can also be learned through cognitive and behavioral interventions. [15] [16] [17] [18] Psychological characteristics of resilience that can be learned include positive coping skills, engaging the support of others, optimism, humor, and cognitive restructuring. 15 The ability to maintain resilience in nursing is influenced by the work environment, 13 and the lack of this ability can result in negative psychological outcomes. 7 ICU nurses with existing high levels of resilience are significantly less likely than those with low levels to experience PTSD, anxiety, depression, and burnout syndrome, 8, 17 suggesting that resilience mediates in some manner the potential impact of the traumatic event. In contrast, ICU nurses with symptoms of PTSD have reported problems with relationships, general life satisfaction, and overall functioning in all areas of their life. 7 Although some evidence supports the effects of individual resilience on the psychological outcomes of ICU nurses, 8 the factors that may significantly contribute to individual resilience and subsequent development of PTSD are relatively unexplored.
Objectives
The purpose of this research was to identify the individual and group characteristics that affect resilience and to determine if the significant individual and group characteristics have a direct or indirect effect on PTSD. We explored nurses' personal characteristics of resilience because these characteristics are modifiable through cognitive behavioral therapy, whereas resilience traits are inherent. Our results may help in developing interventions to promote resilience and provide valuable information for organizational leaders to determine whether resilience training alone or resilience training in addition to environmental and organizational changes is needed.
Methods
Our study was a secondary analysis of the results from a sample of nurses drawn from an established database. 8 Participants completed surveys to measure 19 In addition, Mplus allows simultaneous testing of the effects of characteristics that influence resilience in PTSD.
Sample
The sample was drawn from critical care nurses who were members of the American Association of Critical-Care Nurses, which is the largest specialty organization representing the interests of more than 500 000 critical care nurses in the United States. We received a mailing list for 3500 randomly selected critical care nurses who were mailed surveys in a manner to ensure anonymity upon return, as delineated by standard survey principles.
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Measures
The measures used for the study included the posttraumatic diagnostic scale (PDS) and an abbreviated version of the Connor-Davidson Resilience Scale (CD-RISC).The PDS is a validated, self-report tool that yields both a PTSD diagnosis according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), 5th edition, 21 and a measure of PTSD symptom severity. Although the gold standard for diagnosing PTSD is the clinicianadministered PTSD scale, the PDS is highly correlated (r = 0.01) with the clinicianrated measures for diagnosing PTSD. [22] [23] [24] The PDS is a well-accepted and validated survey instrument for diagnosis of PTSD 7, 24 and has high internal consistency reliability (Cronbach , 0.78-0.92). In addition, test-retest reliability correlation coefficients of the total PDS score have satisfactory reliability: Cronbach , 0.83 for total symptom severity, 0.77 for reexperiencing, 0.81 for avoidance, and 0.85 for arousal. 7, 8, 24 The CD-RISC 25 was used to assess resilience. This instrument is a 25-item self-report scale with a total score from zero to 100. Higher scores reflect greater resilience. Resilience is defined as a score of more than 80 with a mean score of 82. Highly resilient is defined as 1 SD greater than the mean; therefore a score of 92 or greater is considered a positive score for high resilience. [25] [26] [27] The CD-RISC has excellent reliability (Cronbach , 0.89) and a test-retest reliability correlation of 0.87. 25 For our analysis, the Cronbach for the instrument was 0.92. 8 For the purposes of this study, we used an abbreviated version of the CD-RISC based on previous results of an exploratory factor analysis and confirmatory factor analysis of this sample of ICU nurses.
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Procedures
Approval for this study was obtained from the Colorado Multiple Institutional Review Board. The dataset was complete.
Data Analysis
Descriptive statistics were generated by using IBM SPSS Statistics, version 20, to summarize the demographic variables of the sample, and bivariate correlations were analyzed to determine the individual and group characteristics ( Table 1 ) that significantly affected the 3 subscales of resilience.
Because potential predictors with more than 2 categories were possible, dummy codes were created. Generational cohort, highest degree earned, nurse to patient ratio, and shift and unit type were recoded. A baseline group was chosen according to predefined hypotheses or the group that represented the majority of the participants in the sample was used as the baseline group or both. 28 The baseline group was then compared with the other recoded groups. If any of the dummy grouping categories was significantly associated with the resilience subscales, all of the dummy grouping categories were retained for the mediation model.
Using Mplus, version 7.0, we analyzed a mediation model. This model proposed that each significant characteristic had a direct effect on the development of PTSD and an indirect effect on the development of PTSD through the characteristic's influence on the 3 subscales of resilience. Beta weights, standard errors, and P values were used to determine which 
Type of characteristic
Measurement variable
Secondary data are used to test a mediation model analyzing the effects of characteristics that influence resilience in PTSD.
www.ajcconline.org individual and group variables were significant and to model the direct and indirect paths between the significant variables and the development of PTSD.
Significance was set at P ≤ .05. Odds ratios and 95% CIs were assessed to determine which of the significant variables had a significant indirect effect. Odds ratios greater than 1.0 indicated that as the predictor variable increased, so did the outcome variable.
Results
Characteristics of the Sample
A total of 1202 nurses completed and returned the survey. Data from 458 nurses were excluded because the respondents were not currently working as ICU nurses. The final sample consisted of 744 critical care nurses. Table 2 gives the demographics of the final sample. Most of the respondents were women (91%) with a mean age of 43.6 years (SD, 11.0). Race was self-reported as white (83%), Asian (10%), African American (5%), American Indian (1%), and mixed ethnicity or other (1%).
Factors Affecting Resilience
The significant individual characteristics identified after analyzing bivariate correlations included having children (r = 0.01; P = .01), number of years practicing as an ICU nurse (r = 0.09; P = .02), and type of degree earned (DE2; r = 0.15; P = .001). All 3 significant individual characteristics were significantly associated with the leadership subscale of resilience. The significant group characteristics that affected resilience included the type of unit that the ICU nurse worked on and generational cohort assignment (Table 3) .
On the basis of the correlations, 3 dummy grouping variables (generation X, millennial, and boomer I) were chosen for further analysis. All generational cohort dummy variables were coded to allow comparison with the boomer II group. The educational degree variable was recoded into 2 dummy grouping variables (diploma or associate degree and graduate degree); the comparison was with ICU nurses who had a bachelor of science in nursing degree. The nurse to patient ratio variable was recoded into 1 dummy variable (nurse to patient ratio > 2 to 1) that was compared with nurse to patient ratios of 2 to 1 or less. The primary shift variable was recoded into those who worked day shift (7 AM to 7 PM and 7 AM to 3 PM) and those who worked night shift (3 PM to 11 PM and 11 PM to 7 AM). Night shift was compared with day shift. Finally, unit type was recoded into 4 dummy grouping 119 (16) 502 (67) 123 (17) 262 (35) 77 (10) 79 (11) 68 (9) 29 (4) 229 (31) 147 (20) 421 (57) 176 (24) 17. (Table 4) .
Characteristic
The CICU (code UN1) was the only ICU with a significant correlation (r = -0.08; P = .04) through the personal competence subscale of resilience (Table 3) . The remaining units were not significantly correlated: SICU (code UN2) r = 0.06; P = .12; CTICU (code UN3) r = -0.02; P = .60; and all other units (code UN4) r = -0.03; P = .44. Because the CICU was significantly correlated, all 4 unit types were retained in the final mediation model. The 3 generational cohorts included generation X (GC1), millennials (GC2), and postwar or boomers I (GC3), which were compared with the boomers II cohort (Table 3 ). The millennial group was significantly correlated with the leadership subscale of resilience (r = -0.12; P = .001). Generation X (GC1; r = 0.02; P = .51) and postwar or boomers I (GC3; r = 0.01; P = .73) were not significantly correlated but were retained for the final mediation model.
No individual or group characteristics significantly affected the perseverance subscale of resilience, so this subscale was not retained in the final mediation model. Figure 1 is a model of the individual and group factors that significantly affected the resilience subscales. The nonsignificant paths are not included in the figure. Among the unit variables, 3 had significant paths to the personal competence subscale of resilience. The comparison of the CICU with the MICU had a significant of -0.07 (SE, 0.03; P = .02), as did the CTICU ( = -0.08; SE, 0.03; P = .005) and the ICU category other ( = -0.08; SE, 0.03; P = .01). The SICU and MICU comparison was the only unit type that did not have a significant path ( = -0.01; SE, 0.03; P = .76).
Only 1 variable had a significant path to the leadership subscale of resilience. Comparison of respondents with a graduate degree or higher with respondents with a bachelor's degree in nursing had the following values: = 0.12; SE, 0.03; P = .001. The remaining variables were not significant and included associate degree or diploma in nursing (DE1; = 0.04; SE, 0.03; P = .21), having children ( = 0.06; SE, 0.03; P = .07), years practicing ( = -0.02; SE, 0.05; P = .67), generation X (GC1; = -0.004; SE, 0.04; P = .91), millennials (GC2; = -0.06; SE, 0.05; P = .25), and postwar or boomers I (GC3; = 0.006; SE, 0.03; P = .85) (see Figure 1 ).
Direct and Indirect Effects
The 3 subscales of resilience (personal competence, leadership, and perseverance), whether the 
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ICU nurse had children, and the number of years practicing as an ICU nurse had significant inverse direct effects on the development of PTSD (Table 5) . On the basis of the odds ratio, ICU nurses with higher levels of personal competence were 28% less likely to experience PTSD than were nurses with lower levels of personal competence. Nurses with higher levels of leadership were 21% more likely to experience PTSD than were nurses with lower levels of leadership, and nurses with higher levels of perseverance were 11% less likely to experience PTSD than were nurses with lower levels of perseverance. ICU nurses with children were 40% less likely to experience PTSD than were nurses who did not have children. Finally, as years of experience increased, ICU nurses were 3% less likely to experience PTSD.
In order to determine whether the significant variables had an indirect effect on the development of PTSD via influence on the resilience subscales, a mediation model was analyzed by using Mplus. Among the unit groupings, 3 variables had significant indirect effects on PTSD via the personal competence subscale of resilience when compared with the MICU (UN1 = -0.07 with SE, 0.03; UN3 = -0.08 with SE, 0.03; and UN4 = -0.08 with SE, 0.03). The odds ratios and the 95% CIs were as follows (Table 6 ): UN1 = -0.65; 95% CI, -1.1 to -0.12; UN3 = -0.82; 95% CI, -1.31 to -0.34) and UN4 = -0.50; 95% CI, -0.82 to -0.18. Compared with MICU nurses, the CTICU nurses were 18% less likely, the CICU nurses were 35% less likely, and other ICU nurses were 50% less likely to experience PTSD. The only significant indirect variable for the leadership subscale of resilience was graduate degree (DE2): = 0.12 (SE, 0.03; Table 7 ). The odds ratio was 0.82 (95% CI, 0.50 to 1.1), indicating that ICU nurses with a graduate degree were 18% more likely to experience PTSD than were nurses with a bachelor of science in nursing degree. Figure 2 shows the full model with the significant direct and indirect effects.
Discussion
In this secondary analysis of 744 ICU nurses, we identified the individual and group characteristics that significantly affected the 3 subscales of resilience. We further tested a mediation model to determine whether those significant characteristics had a direct or indirect effect on the development of PTSD. ICU nurses who worked in any type of ICU other than the MICU were 18% to 50% less likely to experience PTSD when mediated through resilience. In contrast, ICU nurses with a graduate degree in nursing were 18% more likely to experience PTSD than were nurses with a bachelor's degree in nursing.
Personal competence
Evidence related to resilience training in nurses is limited. No large randomized clinical trials have been done to determine the effectiveness of resilience interventions on psychological outcomes, nurses' satisfaction, and nurses' retention in the ICU. The feasibility and acceptability of a multimodal resilience intervention program that included exercise, written exposure therapy, event-triggered counseling sessions, and mindfulness-based stress reduction exercises were assessed in a small randomized, controlled trial. 29 The results suggested that the program was feasible and acceptable, and although the study had insufficient power to detect changes in resilience and psychological disorders, the findings suggested improvements in resilience scores and reduced symptoms of PTSD and depression.
Evidence on characteristics of different types of ICUs is limited. Cimiotti et al 30 reported that nurses in MICU and mixed medical-surgical ICUs perceived higher levels of staffing than did nurses in the CICU and SICU. In another study, 31 698 ICU nurses from 8 different Magnet hospitals were surveyed to determine which ICUs reported the healthiest work environments. The MICU, mixed medical-surgical ICU, and SICU scored lowest on control of nursing practice, perceived adequacy of staffing, support for education, and clinical competence. These results were consistent with our findings and highlight the need to explore what characteristics are present in the MICU but not in other ICUs. In addition, the results of some studies 32, 33 have suggested that team support can enhance coping skills in times of stress and can help relieve emotional burden in a stressful environment. However, these studies involved oncology nurses. Future research is needed to explore team support in the ICU. Additionally, research is needed to identify the ICU characteristics to help determine whether resilience interventions can be tailored to modifiable organizational efforts or if additional interventions exist that can be used to mitigate PTSD.
Currently, no research supports the finding that ICU nurses with graduate degrees are more likely to experience PTSD than are nurses with bachelor's degrees in nursing. Theoretically, nurses who are pursuing graduate degrees may be doing so in an effort to move away from the traumatic experiences common in the ICU setting. Graduate nurses may also experience higher levels of PTSD because of the stress and challenges of working in the ICU environment while pursuing graduate studies. Future research is needed to explore this finding in more depth. 
Leadership
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Our study has several limitations. First, secondary analysis of an existing database does not allow the inclusion of all potential variables that may influence resilience. Evidence in the literature supports the notion that system characteristics in nurses' work environment are beneficial for reducing environment stress. These characteristics include control over nursing practice 34, 35 managerial support, 36 empowerment, 37, 38 and nurses' satisfaction. 39 Information on these variables was not available in our dataset. However, the sample size was adequate; at least 50 cases per independent variable are recommended for mediation models, 40 and the variables that were included in the dataset have been relatively unexplored in relation to resilience and development of PTSD. Second, no information was available on nurses who had left the ICU setting or nursing all together. We found that years in practice had a direct effect on the development of PTSD. As the number of years in practice increased, the risk for PTSD decreased, an assumption that might be false if we are obtaining solely data on resilient nurses who remain at the bedside. Future longitudinal assessments would be needed to fully assess the relationship between years of practice and development of PTSD. Another related limitation is that we used a cross-sectional dataset and temporal precedence was dealt with by applying a theoretical model. Replication of our findings with another dataset or, as mentioned earlier, a longitudinal sample, is needed to solidify our results. Finally, the dataset had no unit-specific or organizationspecific information available. Exploring contextual factors specific to an organization or a unit or both in considerations of interventions to increase resilience would be important.
Implications
Our results are important because we found that working in an MICU and having a graduate degree may influence the development of PTSD via the influence of these 2 factors on resilience. Further research is needed to better understand the effect of this influence on resilience in health care organizations, development of preventive therapies and treatment of PTSD for ICU nurses, and the most appropriate mechanism to disseminate and implement strategies to address PTSD. One potential strategy for mitigating symptoms of PTSD or psychological distress is use of resilience training. Results of an earlier study 29 indicated that a multimodal resilience training program that included written exposure therapy, exercise, cognitive-behavioral therapy, and mindfulness-based stress reduction exercises significantly improved resilience scores and decreased symptoms of PTSD and depression.
In conclusion, understanding that development of PTSD is influenced by the type of ICU work environment (MICU) and by having a graduate degree generates additional research questions to explore in order to tailor intervention programs and adjunct therapies for nurses at high risk for PTSD.
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